are usually difficult to treat for flame
retardancy.

ARS scientists in New Orleans
have developed a new type of cotton/
polyester yarn that eliminates most of
these deficiencies. During spinning of
staple-fiber core yarns, the synthetic
staple core is twisted while simulta-
neously being wrapped with cotton.
This results in a yarn with a cotton
surface and a synthetic interior. A
comparison of the cross sections of in-
timate blend and staple-fiber core
yarns is shown in figure 1.

In staple-fiber core yarns the cotton
surface has a natural appearance, feels
comfortable when worn, is dyeable
with cotton dyes, and can be other-

wise chemically modified. The syn-
thetic interior provides strength and
dimensional stability.

This process has been patented and
is licensed to one company. Potential
uses include apparel and home
furnishing.

Conclusion

Consumers appreciate the properties
of goods made from natural materials
such as hides, wool, and cotton. At the
same time, the public holds the manu-
facturers of these goods responsible
for meeting ever-increasing environ-
mental standards. ARS continues to
maintain an awareness of these two
needs in its research. O

Biotechnology
for Tailoring
Old Crops to
New Uses

The new tools of molecular biology,
with their capability for effecting ge-
netic changes that are precise and
rapid, can help significantly in the de-
velopment of new uses for agricultural
crops. As used here, the term “bio-
technology” refers to these new meth-
ods of molecular biology—techniques
that use living organisms to make or
modify products, to improve plants or
animals, or to develop microorgan-
isms for specific uses.
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by Daniel D. Jones, Office of
Agricultural Biotechnology, USDA,
Washington, DC, and Susan K.
Harlander, Associate Professor of
Food Science, University of
Minnesota, Minneapolis

The development of new products
from nontraditional plants—such as
kenaf, guayule, and crambe—has been
proceeding for a number of years.

For the most part, these plants have
been produced and propagated by tra-
ditional methods of natural variation
and artificial selection followed by
economic assessment. These methods
can be both labor-intensive and time-
consuming. By comparison, the meth-
ods of modern molecular biology offer
the prospect of introducing precise,
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well-characterized, and timely genetic
changes into plants, animals, and mi-

croorganisms for the specific purpose
of expanding their utilization for new

food and nonfood uses.

Food Uses

In the area of new uses of crops for
the food industry, biotechnology
promises an impact on custom-
designed ingredients, production of
useful substances by plant tissue cul-
ture, and improvement of microbio-
logically produced enzymes used in
food processing,

Custom-Designed Food Ingredi-
ents. Historically, food processors
have been largely limited to purchas-
ing the materials that are readily avail-
able at a particular time. In order to

compensate for inconsistencies in the
quality of these materials, they have
often had to modify their manufactur-
ing techniques, thus adding to the cost
of food processing.

The tools of biotechnology offer
the potential to custom-design agricul-
tural commodities with improved nu-
tritional or functional characteristics
that make them more valuable to the
processor. This allows the food pro-
cessor to design and tailor products to
fill a specific market niche. Examples
include tomatoes with increased solids
content, carrots with a longer shelf
life, rapeseed with decreased levels of
saturated fatty acids, and corn with in-
creased levels of specific amino acids
and altered levels of starch, protein,
and oil.

With a digital refractometer, ARS scientists
can measure soluble solids in field-grown
crosses of high-solids variants and com-
mercial tomatoes. This single application
of biotechnology offers the potential to
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custom-design agricultural commodities
with improved nutritional and processing
characteristics.

Scott Bauer/USDA 92BW0835
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Technician Louisa Ling prepares a tomato
paste sample for flavor analysis by chemist
Ron Buttery at the ARS Western Regional
Research Center in Albany, CA. Microbio-
logically derived enzymes help control
texture, appearance, and nutritive value, as
well as flavors and aromas in food
processing.

Jack Dykinga/lUSDA 89BW1901-23

As scientists and the public begin
to understand more about the role of
diet in health and disease, one can
easily imagine using the tools of bio-
technology to enhance the level of
specific nutrients or certain compo-
nents, such as soluble or insoluble fi-
ber, or specific vitamins and minerals
associated with healthier foods. The
digestibility and absorption of nutri-
ents could be enhanced, and natural
toxicants or antinutrients in foods
could be eliminated. Availability of
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fruits and vegetables with improved
flavor, texture, aroma, and shelf life
would lead to the inclusion of more
fresh produce in the diet.

Producing Useful Substances
With Plant Cell Tissue Culture.
Plant cell tissue culture offers an alter-
native to the use of whole plants as a
biological source of useful substances.
Tissue can be removed from the root,
stem, leaf, or fruit of plants, and the
undeveloped cells can be grown in
the laboratory in gels or liquid solu-
tions containing all the essential nutri-
ents required for growth. The useful
substance can then be extracted and
purified.

Plant tissue culture for production
of natural food ingredients offers sev-
eral distinct advantages over extrac-
tion of these components from whole
plants. Seasonal variations, unfavor-
able weather conditions, and epidemic
diseases are not problems when plant
tissue is grown under well-defined and
controllable laboratory conditions.
Plant cell culture allows the processor
to control the quality, availability, and
processing consistency of the ingredi-
ents. Examples of high-value food in-
gredients which could be produced by
plant cell suspension cultures include
food colors, fruit and vegetable fla-
vors, oils, spices, antioxidants, and
non-nutritive sweeteners.

The discovery of plant cell fusion
also permits the combination of plant
cells of different genetic makeup to
produce new hybrid plants with
unique characteristics. New breeding
lines have been produced between
cultivated crops and closely related
disease-resistant wild species. The
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hybrids produced by plant cell fusion
contain a mixture of genetic informa-
tion from each parent, and this opens
the door to the transfer of new traits
that are not accessible using conven-
tional breeding approaches.

Enzymes Used in Food Process-
ing. Microbiologically derived en-
zymes are used extensively by the
food processing industry to perform
many valuable functions in food sys-
tems. They help control texture, ap-
pearance, and nutritive value, as well
as the generation of desirable flavors
and aromas. Most enzymes are used in
food processing to break down large
molecules such as proteins, carbohy-
drate polymers, or lipids to their com-
ponent parts.

Many enzymes do not perform well
during food processing because of

Plant physiologist Merle Weaver examines
tomatoes grown using a technique know as
somaclonal variation, which can produce
high-quality hybrids that have high solid
content.

Scott Bauer/lUSDA 92BW0834
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high temperatures and acidic condi-
tions, as well as other factors. Modemn
techniques of protein modification
provide the necessary tools for modi-
fying the specificity, tolerance to acid,
and temperature stability of enzymes,
as well as their resistance to digestion
by other enzymes. These improve-
ments will expand the uses for en-
zymes in food processing and increase
the kinds of raw materials that can

be utilized as food for animals and
humans.

Nonfood Uses

For centuries, products of the farm
and forest have been used for purposes
other than human food or animal feed.
Examples include cotton for fiber and
absorbants; wood cellulose for paper,
cellophane, textiles, and plastics; corn
and potato starch for adhesives, bind-
ers, insulating foams, textile sizing,
and paper coatings; and vegetable oils
for lubricants, paints, and varnishes.

With some exceptions, such as
wood, cotton, flax, and oilseed crops,
few crops have been grown specifi-
cally for nonfood uses. Now, however,
the intentional cultivation of agricul-
tural crops for nonfood uses is a po-
tential growth industry, and the tools
of biotechnology can help to tailor
crops for such uses in ways that were
not possible before.

This application of biotechnology
to the development of new crops to
supply industrial products or raw ma-
terials is in its infancy, but it promises
broad new roles for agriculture as a
provider of energy, materials, and spe-
cific chemicals.
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Crops That Produce Value-
Added Products. Some plants are
particularly valuable for the manufac-
ture of processed or value-added prod-
ucts. Biotechnology is able to alter the
genetic structure of these plants, modi-
fying their servicable components; this
makes them more desirable for use as
value-added products and stimulates
development of new or larger markets
for them as raw agricultural commodi-
ties. Oils and starches derived from
plants are promising examples.

Oils. The major oils used by both
food and nonfood industries are soy-
bean, corn, cottonseed, rapeseed
(canola), sunflower seed, castor bean,
linseed, palm, coconut, and tung oils.
Potential sources of new oils are jo-
joba, evening primrose, borage,
blackcurrent, crambe, sal, mowrah,
and mango. Promising applications of
biotechnology in this area include al-
teration of proportions of fatty acids in
current oilseed crops; production of
oil containing specific fatty acids by
bacteria, yeast, fungi, or microalgae in
fermenters; and modification of oils
by enzymes produced by micro-organ-
isms in bioreactors.

Starch and Cellulose. Starch and
cellulose are used extensively in
nonfood applications. Both are very
large molecules made up of simple
sugar glucose units joined together
in chains. For industrial uses, starch
and cellulose molecules are often
modified through chemical reaction.
This provides a broad range of prod-
ucts with applications in many indus-
tries, including the chemical, food,
pharmaceutical, cosmetics, detergent,
paper, and petroleum industries. For
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example, starch, ordinarily soluble in
water, can be modified to make it wa-
ter insoluble so that it can be incorpo-
rated into plastic trash bags to make
them biodegradable. Cellulose, ordi-
narily insoluble in water, can be modi-
fied to make it water soluble and use-
ful for improved oil recovery.

Fermentation Products. Carbohy-
drates are a preferred source of energy
for producing useful substances from
fermentation (the growth of micro-
organisms such as bacteria and yeast
in the absence of air). Thus, glucose
and corn syrup (made from comn
starch), sugar, and other carbohydrates
are used in fermentation to make a va-
riety of useful products. Among these
are ethanol for fuel; enzymes; water-
soluble gums such as xanthan, which
is used in oil recovery as well as in
prepared foods; citric acid, which is
used as an acidulant in the food and
chemical industries; and polyhy-
droxybutyrate (PHB), a biodegradable
plastic that can be molded or made
into fiber or sheets.

Pharmaceuticals From Plants. It
is possible to modify plants geneti-
cally so they will produce specific
proteins and peptides. This would al-
low high-value pharmaceutical pep-
tides such as blood factors, growth
hormones, and monoclonal antibodies
to be obtained from plants. As scien-
tists become more proficient in plant
genetic engineering, it may be pos-
sible to harvest nonprotein pharma-
ceuticals such as the cancer thera-
peutic agents vincristine (periwinkle)
and taxol (yew tree) from plants other
than the ones in which they naturally
appear.
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Conclusion

The agricultural and forestry indus-
tries have experienced a decline in
profitability because of excess produc-
tion. This has provided the opportu-
nity for product uses other than as
traditional foods, feed, and fibers.
These uses include feedstocks for
industrial processes, as well as useful
substances isolated directly from the
plant material. New crops can be
developed to meet specialized indus-
trial and energy needs. Molecular
genetics can direct modification of
proteins/enzymes, bacteria, yeast, and
molds for improved or expanded
applications in food bioprocessing.
The techniques of biotechnology will
be very important for targeting genetic
changes in food and fiber raw materi-
als, in order to enhance their process-
ing potential and the manufacture of
value-added products. Q

At the Plant Gene Expression Center,
Albany, CA, a microbiologist uses a pipette
to place the gene and tungsten mixture that
will be blasted into plant cells within the
gene gun.

USDA/ARS 89BW0445-32
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